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Abstract 
Fibber reinforced polymers as bearing materials for civil engineering structures are subject of investigation in many 
scientific research programs. The excellent mechanical properties are the main reason for the increased interest for 
these materials. The concept of the composite materials itself, offers possibility of effective exploitation of the 
mechanical characteristics of the separate components up to their limit state, even in the design process. The 
experimental tests for the tensile properties of two series of composite materials, which differed according to the 
matrix and fibber reinforcement, are presented in this paper. The ultimate tensile strength and the initial module of 
elasticity of the composite materials are experimentally determined and the experimental results are analyzed and 
discussed.  
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1. Introduction 
A composite material on the macroscopic level is a combination of two or more other materials, 
produced as a mixture of the main two parts as fibber and matrix. In addition, FRP composites can be 
defined as polymer matrix reinforced with fibbers to provide reinforcement in one or more directions. In 
composite materials the fibbers provide the strength and stiffness while the resin matrix acts as a binder 
providing impact resistance, compressive strength, and corrosion resistance. FRP composite materials 
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have advantages in comparison to conventional materials, such as: higher strength to weight ratio, non-
corrosiveness and better stiffness to weight ratio. Furthermore, modularization could help engineers to 
arrive at more efficient and cost effective structural materials and systems [4]. Forming a composite such 
as FRP, an engineer can take advantage of the desirable properties of both constituent materials. The 
strength and stiffness of the composite materials according to Barbero [3] depend on the matrix choice, 
while the strength of the composite material to compression and tension, in a direction normal to the 
reinforcement fibbers, depend on the matrix strength, on the strength of the contact surface between the 
matrix and the reinforcing fibbers and from the defects in the matrix such as holes and micro fractures.  
Many experimental research works [1, 2, 3, 5] present that excellent mechanical characteristics of the 
composite materials and show that mechanical characteristics depends on the matrix and fibber 
reinforcement selection. Despite the fact, that the mechanical characteristics of the composite materials 
could be estimated from previous gained knowledge, the experimental testing should be performed if new 
composite product is developing, in order to obtain precise mechanical characteristics. Furthermore, the 
experimentally obtained results could give clear view on the behavior of the mechanical characteristics 
due to changes of components or changes of environmental conditions, and help the designer to 
analytically predict behavior of a complex structure.   
This paper presents the experimental testing of composite materials, as a part of a more complex 
research project dealing with developing of FRP sandwich panel with potential applications in civil 
engineering. The paper presents the experiment test for the tensile properties of two series of composite 
materials, which differed according to the matrix and fibber reinforcement. Because the nonlinear 
behavior of the polymers and their properties mainly depend on the “glass transmission temperature” [6], 
the ultimate tensile strength and the initial module of the elasticity of the composite materials were 
experimentally determined.   
2. Specimens preparation and experimental procedure  
The objective of the research work presented in this paper is analysis of the mechanical properties of 
glass fibber reinforced polymer laminates. For the purpose of the experimental testing two different series 
of thin laminates were fabricated by the hand lay-up technique. The laminate series differ by type of 
reinforcement, type of matrix and by plies of reinforcement. The laminates were fabricated using two 
type’s matrix and two type’s fibber glass reinforcement in three and two plies. The following materials 
were used for production of the fibber reinforced laminates: 
x Polymer matrix:  
- Polyester resin (P), orthoftalic based acid, type DUGAPOL H230, and 
- Two-component epoxy (E) resin, type ADINGEPOKS-1; 
x Fibber reinforcement 
- Matta (M) with density 0,315 kg/m2, and  
- Rowing (R) with density 0,535 kg/m2.  
Test specimens were cut from fabricated laminates. Their geometry was defined according to 
American test standard ASTM D 3039, Figure 1. All test specimens had a constant rectangular cross 
section and tabs on each side. These tabs were made form G11 laminate, epoxy material reinforced with E 
glass rowing under high temperature. In order to avoid different surface stresses the bond between tabs 
and specimen was made by araldite, epoxy and polyurethane based adhesive with high extensive 
properties. 
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Fig. 1. Geometry of tested FRP specimens 
Description of the laminates was by using symbols which refer to the components of the composite: 
the first symbol refers to the type of the matrix (P-Polyester resin or E-Epoxy resin), the second symbol 
refers to the number of reinforcement plies and the third symbol refers to the type of used reinforcement 
(M-Matta or R-Rowing). Tensile test experiments of the composite materials were conducted at indoor 
temperature on 22° C, Figure 2. 
Test procedure was defined in accordance with American test standard ASTM D 3039. Prior to the 
tension tests the final surface preparation was carefully examined for each test specimen. The dimensions 
of the specimens were measured before tension testing and the specimens’ area were determinate at three 
places in order to record the average area. Experiments were performed by using testing machine 
SCHENCK HYDROPLUS-PSB, with capacity of 250 kN. Tests were made in range up to 25 kN [2]. 
Pressure controllable hydraulic grips were used. Initial trails were made in order to determinate the 
most appropriate pressure on the hydraulic grips. The speed of the testing machine was set to 1 mm/min 
in order to obtain constant strain rate in the gage section, which was observed with trail tests.   
The specimens were inserted in the grips of the testing machine taking care of alignment of the ripped 
specimen with the test direction. Tension force was determined with force transducer integrated in the 
testing machine. The full bridge strain gage type force transducer was used. Head displacement of the 
testing machine was determined by displacement transducer of inductive type. Strain data were 
determinate using strain gage in longitudinal direction. In order to reduce heating effects due to the low 
conductivity of the used composite materials the strain gage with resistant of 350 :, type HBM 
10/350LY11, were selected. The surface preparation and selection of bonding agent for the strain gage 
installation was done in the consultation with the strain gage producer. The temperature compensation 
was done by adding a passive strain gage, connected in half-bridge. 
The force versus head displacement and the force versus strain were continuously recorded with 
sampling rate of 50 Hz. The HBM Spider 8 and software HBM CATMAN 4.0 were used for data 
acquisition.  
Fig. 2. Testing machine and equipment for tensile test of FRP specimens: 1- testing machine; 2- computer; 3- test specimen 
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3. Experimentally obtained results and discussion  
The tensile testing has been performed on two different series of specimens. Three specimens of each 
serial were tested. Geometry and experimentally obtained results for tested FRP specimens are 
summarized in Table 1.  
In order to define appropriate initial modulus of elasticity for each series specimens strain was 
determined by strain gage. The comparison of the initial elasticity modulus in both cases is presented in 
the Table 2 and Figure 3. The analyses of ı-İ diagrams show that the initial modulus of elasticity could be 
determinate from the results of the testing machine with great accuracy.  
Table 1.  Geometrical and mechanical properties of tested FRP specimens  
Specimen b 
[mm]
ǻ 
[mm] 
Tensile strength
[MPa] 
Module of 
elasticity [ɆPa]
Average tensile 
strength [MPa] 
Average module 
of elasticity [ɆPa] 
P3M_1 25 3 37,71 6600 
35,96 6583,3 P3M_2 24,5 2,8 34,68 6570 
P3M_3 25 2,9 35,48 6580 
E2R_1 25,1 1,4 91,66 12160 
92,01 12170 E2R_2 25,2 1,3 85,41 12150 
E2R_3 25,2 1,3 98,96 12200 
Table 2.  Comparison of the measured initial elasticity modulus 
Specimen 
Average module of elasticity [ɆPa]
Strain gage ı-İ diagram 
P3M 6700 6583,3 
E2R 12000 12170 
Fig. 3.  Comparison of the average strain ant strain measured by strain gage 
Based on the analysis of ı-İ diagrams for the two series of specimens, Figure 4, could be concluded 
that the stress-strain behavior of tensile tested FRP specimens is identical, regardless of the used 
components. From the diagrams for the both series test specimens could be seen a minute reduce of the 
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strength before the composite materials reach the ultimate tensile strength. Under that load the first micro 
cracks appear as a result of the debonding process between the matrix and fibber reinforcement which is 
not in the direction of the applied loading. Micro cracks spread through the matrix forming a net by 
increasing the load, which is the beginning of the failure process. The maximal strength of the composite 
material depends on the failure of the fibre reinforcement as a whole; therefore the micro cracks do not 
influence the maximal strength of the FRP specimens. 
Fig. 4.  ı-İ diagrams of tested FRP specimens:  a) series P3M; b) series E2R 
In order to observe the influence of the components on the mechanical properties of the composite 
materials, comparative analyses of the experimentally obtained results were carried out. Influences of the 
used fibber reinforcement and used matrix have been analyzed through comparison of the experimental 
results of series specimens P3M and E2R, Figure 5. 
Fig. 5. Comparative ı-İ diagrams for series P3M and ȿ2R             
The analyses of ı-İ diagrams, Figure 5 and results presented in Table 2, show that composite materials 
reinforced with rowing have approximately two times higher tensile strength, module of elasticity and 
maximal strain in comparison with the composite materials reinforced with matta. 
Based on Figure 5 it could be concluded that composite materials with polyester matrix have more 
distinct transitional boundary on the bilinear ı-İ diagram in comparison with the composite materials 
with epoxy matrix.  
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The failures of all tested FRP specimens were sudden and brittle. The failure modes differed by the 
type of the used reinforcement. Standard description of the failure modes was chosen using the three-part 
failure mode code, according to American standard ASTM D 3039.  The failure mode for the test 
specimens reinforced with matta was denote as LAT (Lateral At grip/tab Top, Figure 6a), while the 
failure mode of the test specimens reinforced with rowing was denote as LGM (Lateral Gage Middle, 
Figure 6b). 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Failure modes of tested specimens: a) series P3M; b) series E2R             
4. Conclusions 
This paper presents results from the experimental tests of two series of composite materials, subjected 
on axial tension. The basic mechanical characteristics from ı-İ diagrams, ultimate tensile strength and 
module of elasticity, were determined in order to analyse the influence of the different components on the 
final mechanical characteristics of the composite materials. 
The experimental results show that the matrix and fibber reinforcement selection, strongly influence on 
the mechanical characteristics of composite materials. Composite materials reinforced with rowing have 
higher tensile strength as a result of the great bearing capacity in the direction of the applied tensile force. 
The analysis shows that the ultimate tensile strength of the composite materials depends on bearing 
capacity of the reinforcement at whole. Therefore, the micro cracks do not influence the maximal bearing 
capacity. Strains of the composite materials before the appearance of the first micro cracks depend on the 
matrix characteristics. It could be concluded that the matrix selection has influence on the strain of the 
composite material, but it has no influence on composite material ultimate mechanical properties. 
The experiments show that the failure mode strongly depends on the choice of the reinforcement used 
for the composite material. 
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